Peptides as skin penetration enhancers: mechanisms of action.
Skin penetrating peptides (SPPs) have garnered wide attention in recent years and emerged as a simple and effective noninvasive strategy for macromolecule delivery into the skin. Although SPPs have demonstrated their potential in enhancing skin delivery, they are still evolving as a new class of skin penetration enhancers. Detailed studies elucidating their mechanisms of action are still lacking. Using five SPPs (SPACE peptide, TD-1, polyarginine, a dermis-localizing peptide and a skin penetrating linear peptide) and a model hydrophobic macromolecule (Cyclosporine A, CsA), herein we provide a mechanistic understanding of SPPs. To evaluate the mechanism and safety of SPPs, their effects on skin lipids, proteins and keratinocyte cells were evaluated. Three SPPs (SPACE, Polyarginine and TD-1) significantly enhanced CsA penetration into the skin. SPPs did not alter the skin lipid barrier as measured by skin resistance, transepidermal water loss (TEWL) and Fourier transform infrared (FTIR) spectroscopic analysis. In contrast, SPPs interacted with skin proteins and induced changes in skin protein secondary structures (α-helices, β-sheet, random coils and turns), as evaluated by FTIR analysis and confirmed by in-silico docking. SPPs enhanced CsA skin penetration, via a transcellular pathway, enhancing its partitioning into keratin-rich corneocytes through concurrent binding of SPP with keratin and CsA. Interaction between SPP and keratin best correlated with measured CsA skin transport. Many SPPs appeared to be safe as shown by negligible effect on skin integrity, nominal skin irritation potential and cytotoxicity. Among the peptides tested, SPACE peptide was found to be least toxic to keratinocytes, and among the most effective at delivering CsA into the skin.